Intact BHK (baby hamster kidney) cells catalyze the hydrolysis of UDP-galactose to free galactose. The generation of galactose from UDP-galactose and its intracellular utilization impede the detection of possible galactosyl transferases on the cell surface of intact cells. Several independent procedures have been used to distinguish between intracellular and cell surface glycosyl transferases. With these procedures, no evidence was obtained for the presence of detectable amounts of galactosyl transferase activity on the surface of BHK cells. The data suggest that galactosyl transferases do not play a general role in the phenomena of cell adhesion and contact inhibition.
Intercellular adhesion and cell recognition might be important in a wide range of biological phenomena including differentiation, contact inhibition, and metastasis. Roseman has proposed a model for intercellular adhesion according to which glycosyl transferases and complex carbohydrates assumed to be located on neighboring cell surfaces interact by forming enzyme--substrate complexes resulting in adhesion (1) . An extension of this hypothesis offers an explanation for the phenomenon of contact inhibition of movement observed with certain tissue culture cells and for the loss of these properties in transformed cells: when normal cells come into contact with each other, they exhibit strong adhesive properties because enzyme-substrate interactions take place between glycosyl transferases and glycoproteins located on adjacent cells. In transformed cells, on the other hand, this interaction is assumed to take place between molecules located on the same cell (1) .
The evidence supporting this hypothesis is based on several reports which demonstrate that complex carbohydrates, and, more specifically, their galactosyl end groups, are involved in cell adhesion (2) (3) (4) . In addition, several laboratories have offered evidence for the presence of glycosyl transferases on the surface of a variety of cells, including neural retina cells (5) , BALB/3T3 and BALB/3T12 (6), 3T3 transformed by murine sareoma virus, Rous sarcoma virus, and polyoma (7) , intestinal cells (8) , embryonic chick liver cells (20) , and blood platelets (9, 10) . These cells utilized exogenously added nucleotide sugars for transfer of sugar residues to cellular glycoproteins as well as to exogenous acceptors. Since the nucleotide sugars did not enter the cell, it was concluded that the transferases were located on the cell surface.
In this report, we describe the enzymatic activities present on the surface of BHK (baby hamster kidney) cells which catalyze the hydrolysis of UDP-galactose (UDP-Gal) to galactose 1-phosphate (Gal-1-P) and to galactose. Several independent criteria of general applicability allowing a clear distinction between intracellular and cell surface glycosyl transferase activities have been developed.
MATERIALS AND METHODS
Cells and Incubation Assay. BHK, a derivative of BHK21, C 13, originally from Dr. M. G. P. Stoker (11) Experiments analogous to the ones described for UDP-Gal have been conducted with GDP-fucose, the substrate for fucosyl transferase, and CMP-N-acetylneuraminic acid, the substrate for sialyl transferase. It was found that GDP-fucose was hydrolyzed to the same extent as UDP-Gal. The products of this reaction were fucose-1-P and free fucose. CMP-Nacetylneuraminic acid was stable under the same conditions (data not shown).
Kinetics of UDP-Gal Hydrolysis. The time course of UDPGal hydrolysis is shown in Fig. 1 . Within the first hour of incubation, more than 95% of UDP-Gal is hydrolyzed to about equal amounts of galactose and Gal-1-P. Upon further incubation, the amount of free galactose continues to rise concomitant with a decrease in the amount of Gal-l-P. These findings suggest that the formation of free galactose from UDP-Gal proceeds in two successive steps: first, UDP-Gal is hydrolyzed to Gal-i-P and UMP; second, Gal-1-P is hydrolyzed to galactose and phosphate. Orthophosphate inhibits the second step, resulting in the accumulation of Gal-1-P (Table 1) .
Mn++ Dependency of UDP-Gal Hydrolysis and Galactose Incorporation. It was previously shown by others that galactosyl transferases are dependent on MnCI2 (1). As demonstrated in Table 1 , the hydrolysis of UDP-Gal is stimulated also by the presence of MnCI2. Therefore, the stimulating effect of MnCl2 on the incorporation of galactose observed when intact cells were incubated with UDP-Gal (5) may be, at least partly, a consequence of enhanced UDP-Gal hydrolysis. Fig. 2 shows the effect of different MnCI2 concentrations on the hydrolysis of UDP-Gal and on the incorporation of galactose into acid-precipitable material. In the absence of MnCl2 and up to a concentration of 0.1 mm, about 60% of the UDP-Gal decayed, mainly to Gal-1-P ( Fig. 2A) . Further increase to 1 mM MnCl2 strongly stimulated the formation of free galactose. As shown in Fig. 2B , the incorporation of radioactive galactose increases in parallel with the amount of free galactose derived from UDP-Gal during the incubation, suggesting that most, if not all, of the incorporation occurred after galactose uptake into the cells.
The intracellular utilization of UDP-Gal and Gal-i-P from the medium can be excluded, since the plasma membranes of BHK cells are impermeable to both compounds. This is shown in Table 2 . Whereas the uptake of galactose by BHK cells is linear for about 10 min, even after 15 min incubation no uptake of either Gal-i-P or UDP-Gal could be observed.
Inhibitors ofIntracellular Utilization of Radioactive Galactose. The data presented so far do not exclude the possibility that a small fraction of the observed galactose incorporation ( galactose; (2) inhibition of galactose uptake into the cells with phloridzin, a competitive inhibitor of galactose transport (15); (3) inhibition of the intracellular utilization of galactose by poisoning galactose-metabolizing enzymes with sodium azide. As shown in Fig. 3 Gal in incubation buffer containing 0.1% Triton X-100. The MnCl2 concentration of 1 mM in the incubation buffer is optimal for the transferase reaction in cell homogenates (Deppert and Walter, unpublished). After 3-hr incubation at 370 the reaction was stopped by adding 10 pl of 10% sodium dodecyl sulfate. In experiment II, 50 pzg of purified acceptor protein was added to the incubation mixture as indicated. The acceptor protein is a mixture of three components with molecular weights of 10,500, 17,000, and 21,500 isolated from the serum of the Antarctic fish Trematomus borchgrevinki (19) . The terminal galactosyl residues were removed by a Smith degradation as described (16) . The glycoprotein was a gift from Dr. T. Shier, the Salk Institute. Samples were precipitated and their radioactivities were measured as described in Materials and precipitable material shows a lag phase of 10-15 min which can be explained by the time required for the equilibration of the radioactive galactose with the intracellular galactose pool. It might be expected that the transfer of galactose by cell surface galactosyl transferases from exogenous UDP-Gal would occur without a lag phase. However, the same lag phase of galactose incorporation was observed when BHK cells were incubated with UDP-[3H]Gal (Fig. 4, inset) . In order to detect low levels of incorporation which might occur during the first 10 min of incubation, it was necessary to use a high amount of radioactive UDP-Gal in this experiment. The small but significant incorporation at 15 min was completely inhibited by 5 mM phloridzin, indicating that it was a consequence of UDP-Gal hydrolysis. In a control experiment, the time course of the galactosyl transferase reaction was measured in a cell homogenate. As shown in Fig. 4 , the incorporation of galactose into acid precipitable material is initiated without lag.
Exogenous Acceptor. It has been reported previously that galactosyl transferases on the surface of retina cells, 3T3 cells, and 3T3 cells transformed by simian virus 40 are able to transfer galactose to an exogenous acceptor with exogenous UDP-Gal as substrate (5, 6) . This finding was considered to be strong evidence for the presence of galactosyl transferases on the surface of these cells. In similar experiments with BHK cells, either treated with trypsin and tested in suspension or assayed as monolayer, we were unable to detect any transfer of galactose from UDP-Gal to a purified high-molecular-weight acceptor protein from which the terminal galactose residues had been removed (data not shown). However, the same acceptor protein when added to cell homogenate produced a significant increase in galactose incorporation. Without removal of the terminal galactose residues, this protein did not act as an acceptor in cell homogenate (Table 3 , experiment II).
DISCUSSION
We have shown in this study that intact BHK cells catalyze the hydrolysis of UDP-Gal to free galactose in two steps. The first step leads to the formation of Gal-1-P; the second to galactose from Gal-i-P. The fact that neither UDP-Gal nor Gal-1-P can penetrate the cell membrane indicates that the enzymes involved in UDP-Gal and Gal-1-P hydrolysis are located on the cell surface. Preliminary evidence suggests that they are of cellular origin and do not represent enzymes adsorbed from the serum (Deppert and Walter, unpublished Neither BHK nor BALB/3T3 nor secondary mouse embryo cells, in our hands, are able to transfer galactose from exogenous UDP-Gal to added acceptor molecules. We cannot exclude the possibility that the acceptor used in our study was sterically hindered from making contact with cell surface galactosyl transferases. Therefore, this result by itself does not prove that transferases are absent from the cell surface. However, the results obtained by others using low-molecularweight acceptors such as N-acetylglucosamine (5, 6) can be explained in other ways than by the presence of cell surface transferases. It has been shown for a variety of tissues that N-acetylglucosamine is taken up by the cells and can be metabolized (18) . The use of a high-molecular-weight acceptor protein which cannot enter the cells eliminates the problems arising from intracellular glycosylation, as long as the cells are intact. The incubation medium used by Roth et 
